Genic variation among representatives of Mexican lagomorphs as revealed by allozymic variation at 31 presumptive loci of Lepus californicus, L. callotis, L. flavigularis, Romerolagus diazi, and Sylvilagus floridanus, was assessed using horizontal gel electrophoresis. Results indicated that the most genically variable species is the widespread L. callotis, whereas the least variable is the endangered L. flavigularis. Genetic distances and phenograms showed that jackrabbits are highly similar to each other and that Romerolagus is genically more similar to Sylvilagus than to Lepus.
There are 15 species of rabbits and jackrabbits in Mexico, 8 being endemics (Ramírez-Pulido et al. 1996; Ruedas 1998) . Lagomorphs comprise 3 well-differentiated genera, of which Romerolagus is considered to be of an ancient phylogenetic lineage (Dawson 1981) . Some species are distributed widely, whereas others are more restricted. Mexican lagomorphs dwell in a variety of ecological conditions, from temperate through subtropical to tropical habitats; therefore, they represent an interesting assemblage for evaluating the ecology and evolution of Lagomorpha. Unfortunately, the biology of the lagomorphs occurring in Mexico is poorly known.
The zacatuche rabbit (Romerolagus diazi) belongs to a monotypic genus, has no subspecies, and is endemic to a small region in the highlands of central Mexico (Cervantes et al. 1990) . Available data do not satisfactorily explain its current distribution (Dawson 1981) .
Nine species of the genus Sylvilagus, the (Cervantes et al. 1990 ). The other Sylvilagus species (S. audubonii, S. bachmani, and S. brasiliensis), including S. floridanus, have wide geographical distributions. But their biogeographical trends and ecological relationships have not been well studied. Five species of jackrabbits occur in Mexico (Ramírez-Pulido et al. 1996) . The black-tailed jackrabbit (Lepus californicus) is widely distributed, whereas the black jackrabbit (L. insularis) is a closely related island form (Cervantes et al. 1999b) . The other taxa are the white-sided species (the antelope jackrabbit, L. alleni; the white-sided jackrabbit, L. callotis; and the Isthmian jackrabbit, L. flavigularis- Best and Henry 1993) .
Lepus and Sylvilagus are closely related, but their relationships are not clearly understood (Dawson 1981; González-Cózatl 1998; . In addition, the relationships of Romerolagus to these genera are still uncertain (Halanych and Robinson 1999) . Lepus is karyotypically similar to Romerolagus in that both have a conservative pattern of a diploid chromosome number (2n) of 48 and little constitutive heterochromatin (González and Cervantes 1996; Lorenzo et al. 1999; Robinson et al. 1981 . In contrast, Sylvilagus displays a more evolved genome of 2n ϭ 38-48 and larger amounts of heterochromatin (Chapman and Ceballos 1990; Lorenzo and Cervantes 1995) .
A tree derived from partial sequencing of the 12S rDNA mitochondrial gene ) showed a sister relationship between jackrabbits (Lepus californicus, L. americanus, and L. capensis) and rabbits (S.
floridanus, S. audubonii, and S. aquaticus).
The genetic distances obtained therein, however, showed that differences between Romerolagus and Sylvilagus (7-8%) were the same as those between Romerolagus and Lepus (7-8%). But no data on protein variation are available for determining the relationships of these genera. Therefore, the goal of this study was to assess allozymic variation of L. californicus, L. callotis, L. flavigularis, R. diazi, and S. floridanus from Mexico. We expected that the genic distance between Romerolagus and Sylvilagus is less than that between Romerolagus and Lepus.
MATERIALS AND METHODS
Our collection methods followed the guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) . Rabbits and jackrabbits were collected with a 16-gauge shotgun, and some were captured by hand after the individual ran and hid underneath the bunchgrass. Samples of heart, kidney, and liver were obtained, immediately frozen in liquid nitrogen, and transported to the laboratory. Voucher specimens were preserved as standard museum vouchers and deposited in the mammalian Homogenates of kidney and heart were analyzed for electrophoretically detectable protein variation and prepared by the methods reported by May (1998) and Selander et al. (1971) . Procedures for horizontal starch-gel electrophoresis also followed those of May (1998) and Selander et al. (1971) .
Thirty-one presumptive loci were examined as indicated in Appendix I. Alleles at each locus were designated by mobility relative to the most common allele at that locus (May 1998; Robinson and Osterhoff 1983) . Results were summarized in the form of individual genotypes by locus for each individual.
Estimates of allelic frequencies, polymorphism (loci for which the dominant allele has a frequency less than 0.95), heterozygosity, Wright's (1965) F-statistics, and coefficients of genetic distance of Cavalli-Sforza and Edwards (1967) and Nei (1978) were computed using the BIOSYS-1 program of Swofford and Selander (1981) . Coefficients of genetic distance were calculated by inclusion of monomorphic loci and were used to construct distance matrices. The distance-Wagner procedure (Farris 1972 ) was used to construct a dendrogram from the matrix of Cavalli-Sforza and Edwards (1967) chord distances (Swofford and Selander 1981) .
RESULTS
Twenty-seven loci (of 31) were polymorphic, with PGM-2, FDP, G6PDH, and LAP being monomorphic and possessing the highest number of alleles per locus: 6PGD (Table 1) . The 4 nonsignificant values included loci ICD-1, ICD-2, LDH-2, and GDH. As expected, when 1 of the leporid genera was excluded from the computations, the mean Wright's fixation index decreased. The largest difference arose when Lepus was removed.
Unbiased genetic distances of Nei (1978) showed that the greatest distances recorded (0.536-0.593) were between R. diazi and the Lepus species, whereas the least dis- 
callotis).
The Wagner procedure tree based on Cavalli-Sforza and Edwards' (1967) chord distances produced a branching pattern with 2 allozymic groups (Fig. 1) . S. floridanus and R. diazi clustered together in 1 group, and the 3 species of Lepus comprised the 2nd group. R. diazi showed the longest branch length (0.220) followed by L. californicus and S. floridanus (0.165 and 0.155, respectively). L. flavigularis possessed the shortest branch length (0.094).
DISCUSSION
Our data show that there are clear differences in the mobility of several proteins of the samples examined, expressed as differences in allele frequencies and unique alleles. This variation was responsible for the values of the genetic distances among the taxa examined. In addition, it contributed to the topology of the tree derived from the matrix of genetic distance.
The lagomorph with the highest genetic variability recorded was the widespread white-sided jackrabbit, L. callotis, whereas the endangered white-sided jackrabbit, L. flavigularis, was the least variable. Although these jackrabbits have been considered sister species (Anderson and Gaunt 1962; Cervantes and Lorenzo 1997) , their differences are not as large as those found between 2 closely related species, the Iberian hare (L. granatensis) and the European hare (L. europaeus), which are the main representatives of Lepus in western Europe (Alves et al. 2000) . Alves et al. (2000) reported 30 alleles from 6 loci, of which 17 were exclusive of L. granatensis, 7 of L. europaeus, and 6 were shared.
Lepus flavigularis is restricted to a small geographic area that has been highly fragmented due to human disturbance (Cervantes 1993). It is likely that genetic drift in small demes or periodic bottlenecks has resulted in the loss of genetic variation. Therefore, it is not surprising to detect re-duced genic variability in L. flavigularis. Similarly, reduced genic variability has been documented in studies of protein variation in Australian populations of the European rabbit (Oryctolagus cuniculus- Richardson et al. 1980) .
Lepus flavigularis possessed similar levels of polymorphism as S. floridanus but showed no heterozygosity. In fact, the deficiency of heterozygotes of the 5 taxa studied herein was high, and most values significantly deviated from Hardy-Weinberg expectations. Although the highest heterozygosity value in our data was 2% for L. callotis, other studies of lagomorphs have reported values ranging from 2.8% (S. floridanus), 4.5% (S. audubonii-Scribner and Warren 1986), 4.6% (Ochotona princeps- Glover et al. 1977) , and 5.9% (Oryctolagus cuniculus in Australia- Richardson et al. 1980) to 18.7% (L. europaeus- Hartl et al. 1993) .
Another widespread species, Lepus californicus, has heterozygosity values similar to those of Romerolagus diazi, although the latter displayed more heterozygous individuals. In addition, L. californicus showed larger observed individual heterozygosity values and percentage of polymorphic loci than did S. floridanus, in contrast with previous results reported by Cervantes et al. (1999a) .
Romerolagus diazi clearly was more variable than S. floridanus. R. diazi is a morphologically primitive species that occupies a small area and has a highly divided population structure (Cervantes et al. 1990 ). Protein-variation data revealed that R. diazi displays levels of allozymic variation similar to or higher than those of widespread representatives of the genera Sylvilagus and Lepus. In contrast, a study of Lepus and Pronolagus (endemic to South Africa) showed that 6 out of 9 loci in each of the 203 specimens examined were monomorphic (Robinson and Osterhoff 1983) .
Unique alleles contributed genic differences between the taxa examined in our study. Of the 31 loci recorded herein, a unique allele at the ADH locus proved to be useful in distinguishing R. diazi from other Mexican lagomorphs. Similarly, a unique allele at the HK locus united the rabbit genera Romerolagus and Sylvilagus. Unique alleles that influence genetic distances also have been reported for South African representatives of the leporid genera Lepus and Pronolagus, which exhibit marked differences in genic variation (Robinson and Osterhoff 1983) .
Compared with other leporids (Glover et al. 1977; Hartl et al. 1993; Richardson et al. 1980; Scribner and Warren 1986) , average differentiation revealed by the fixation index (Wright's F ST ) is high (61%). When R. diazi is removed from computations, the F ST value is almost the same as that obtained when S. floridanus is removed. In contrast, when the Lepus species are removed, fixation index greatly decreases. Our data, therefore, show clear differences in genic variation among genera of Mexican lagomorphs.
Genetic distances showed that Lepus jackrabbits are genically closer to each other than to either of the 2 rabbit genera. This supports results from DNA sequencing in several representatives of Lepus ) and in other mammals and vertebrates (Matson 1984) , where intrageneric distances are lower than intergeneric values. In addition, the genetic distance L. flavigularis-L. callotis clearly is less than that between either of these and L. californicus. This supports the close relationship derived from morphological and biogeographical considerations (Anderson and Gaunt 1962; Best and Henry 1993; Dixon et al. 1983) between white-sided jackrabbits relative to L. californicus.
Our data also showed that the genetic distance between Romerolagus and S. floridanus is small (Nei's unbiased distance ϭ 0.180) but greater than intraspecific Nei's distances within both Sylvilagus from Mexico (Nei's unbiased distance ϭ 0.010-0.071- Cervantes et al. 1999a ) and populations of European Oryctolagus cuniculus (0.0000-0.0371- Peterka and Hartl 1992) . In contrast, our value is smaller than Nei's genetic distances between isolated populations of S. floridanus (0.20-0.388) from playa basins in Texas, United States (Scribner and Warren 1986). In addition, Nei's unbiased distance (0.381) between S. floridanus and L. californicus was less than that reported elsewhere (0.567- Cervantes et al. 1999a) .
A clustering procedure (distance-Wagner) derived from the distance matrix revealed that genetic distances place the 2 rabbit species in 1 group and the jackrabbits in another. The branching pattern thus shows that the amount of change in the 2 genera of rabbits (Sylvilagus and Romerolagus) depicted by the phenogram is greater than that recorded for the closely related L. flavigularis and L. callotis. But the amount of divergence between the rabbit branch and the Lepus branch is about the same.
Therefore, allozymic data from the 5 species examined support the hypothesis that the genic distance between Romerolagus and Sylvilagus is less than that between Romerolagus and Lepus. Further research, including more species of rabbits and jackrabbits, and additional data collection is needed to better support our hypothesis. APPENDIX II Alleles (a-f), allele frequencies, average sample size (n), average number of alleles per locus (AVERAGE), percentage of polymorphic loci (POLYMOR), observed average individual heterozygosity (direct count; OB HETER), and expected average individual heterozygosity (from HardyWeinberg equilibrium; EX HETER) for rabbits (Sylvilagus and Romerolagus) and jackrabbits (Lepus) from Mexico. Only polymorphic loci (27 of 31) are listed; monomorphic loci were PGM-2, FDP, G6PDH, and LAP. Estimate of POLYMOR includes only those loci for which dominant allele has a frequency less than 0.95; see Appendix I for loci abbreviations. 
RESUMEN
Locus Species S. floridanus R. diazi L.
